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(A-not-B)  tasks 
age  changes  in,  260 
brief  history  of,  267 

dorsolateral  prefrontal  cortex  and,  255, 
267,  281-293,  316,  382, 664, 
680-681,690 

DR  compared  to,  252-254,  267 
EEG  of,  682, 687-689 
inhibitory  control  in,  268, 659-665, 

698-699 

memory  development  shown  by,  269-274, 
277-279 

multiple  wells  in,  272-274,  284, 310-31 1, 
312-313,  317,  659 
pronunciation  of,  267 
reaching  in,  659-665 
reward  value  in,  260 
sex  differences  in,  483 
testing  procedure  for,  268,  284 
transparent  covers  in,  661 
AB  error,  252,  312 

Ablations.  See  specific  organ  or  function 
Accessible,  various  meanings  of  term,  486, 
514 

Acetylcholinestrase,  in  rat  hippocampus,  397 
Acquisition  of  known  information,  592 
Action-perception  cycle.  See 

Perception-action  cycle 
Activation  of  known  information,  592 
Active  intermodal  mapping.  See  AIM 
ADRDA  (Alzheimer’s  Disease  and  Related 
Disorders  Association),  166, 178 
Adrenocorticotrophic  hormone  (ACTH), 
621,  631 

Affective  behavior 
frontal  EEG  and,  691-695 
of  language-impared  children,  702 
See  also  Emotion 

Age-related  memory  disorders  (ARMD) 
cholinergic  system  in,  214 
hippocampus  in,  165-169,  177,  214, 
232-233, 636 

model  systems  approach  to,  212,  213-214 
Aging 

in  animals,  eyeblink  conditioning,  155-157, 
162-163,  165-166 
in  humans 

eyeblink  conditioning,  155,  162 
Purkinje  cell  loss,  162-163 
See  also  Elderly  adults 
synaptic  delay  in,  225 

Agnosia,  visual  object,  structural  description 
system  and,  555-556 

AIM  (active  intermodal  mapping),  5-6,  17 


Alcoholic  patients,  in  visual  velocity 
perception  test,  194 
Alternation  tasks 
delayed,  255 

MD-lesioned  animals  and,  705 
Aluminum-induced  neurofilamentous 

degeneration  in  rabbits,  214, 218, 
219^221 

Alzheimer's  disease 

aluminum  exposure  in  rabbits  compared 
to,  214,  220-221 
cerebellum  in,  166, 177 
clinical  criteria  for,  178 
eyeblink  conditioning  in,  156,  166-169,  218 
forebrain  cholinergic  system  in,  163 
hippocampus  in,  165-169, 177,  232-233 
word  stem  completion  in,  576 
American  Sign  Language  (ASL),  in  ERP 
study,  73,  74,  81-83, 89-90 

Amnesia 

anterograde,  435^37, 451, 461 
conditioning  in,  125,  178,  290 
distraction  task  for  patients  with,  445, 451 
DNMS  studies  in,  368,  379, 398 
duration  of,  441 

general  characteristics  of,  434-437 
impaired  memory  and  damage  to  brain,  434 
infantile  (childhood),  474, 501, 517 
children’s  “hypermnesia”  and,  593 
hippocampal  maturation  and,  394 
infants’  memory  compared  to  memory  in, 
20,  22 

of  Korsakoff  patients,  236-237,  444, 447, 
452-454, 480, 591 
learning  ability  in,  616 
limited,  570 

neuroanatomy  of,  441-443 
nonhuman  primate  models  of,  435, 
437-448, 580 

of  patient  HM,  435, 441, 453, 458, 510, 591, 
616 

priming  in,  576, 590-592 
retrograde,  435 

testing  of  patients  with,  419, 439 
two  hypothesized  forms  of  memory  from 
studies  of,  457-458, 549-550,  553, 
555,  571,581,585-586 
independent  neural  pathways,  579 
Amygdala 

affective  consequences  of  lesions  of, 
480-481 

in  amnesia,  441^143 
cross-modal  associations  and,  69-70 
DNMS  performance  and  damage  to,  398, 
471, 472 
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hippocampus  compared  to,  478 
impaired  memory  and  damage  to,  379,  380 
in  neuroanatomical  circuit  for  learning 
DNMS,  469 

in  visual  paired  comparison,  296,  298,  355, 
403, 432 

Animals 

cross-modal  transfer  in,  38 
deferred  imitation  and,  21, 22 
DMS  and  DNMS  tests  of,  367 
normal  and  pathological  memory 
established  by,  368-369 
multisensory  integration  in,  51 
sensory  deprivation  studies  in,  72 
tests  of,  tests  of  infants  compared  to,  367 
See  also  Carnivores;  Cats;  Chimpanzees; 
Dogs;  Ferrets;  Frogs;  Gerbils; 
Hamsters;  Mice;  Monkeys; 

Primates;  Rabbits;  Rats 
Aplysia  califomica,  118, 128-144,  213,  665 
description  and  life  cycle  of,  129-131 
siphon  reflex  in,  128-129,  131-134,  146 
ARMD.  See  Age-related  memory  disorders 
Arm  movements,  cerebellum  and,  186 
Attention 

elementary  components  of,  181 

frontal  cortex  in  the  focusing  of,  637-638 

MD  lesions  and,  705 

selective,  67 

visual 

early  appearance  of,  406-407 
in  ERP  study,  74-77 

in  locomotor  development  of  infants,  604, 
606 

in  simple  DNMS  vs.  visual  paired 
comparison,  419 

in  simple  procedure  for  DNMS,  413 
Attentional  processing,  sensory  deprivation 
and,  71-72 

Auditory  cells  in  visual  cortex,  87-88 
Auditory  cortex,  transient  projections  of,  105 
Auditory  intervals,  judging  duration  of,  179, 
192 

Auditory  maps,  53-55,  65-67 

Auditory  memory,  prefrontal  cortex  and,  326 

Auditory  system 

cross-modal  transfer  and,  8-10,  17-18 
intermodal  compensation  and,  84-85 
sensory  processing  by,  93 
visual  and  somatosensory  systems  similar 
to,  103 

Autistic  children,  limbic  system  and,  481 

Babbling  account,  17-18 
Basal  forebrain,  478 
in  neuroanatomical  circuit  for  learning 
DNMS,  469 


Baseline  ratio  (in  infant’s  retention), 
520-523, 541 

Birds 

babbling  account  and,  18 
delayed  imitation  in,  21/t 
distinct  memory  systems  in,  582-583 
early  song-learning  by,  10 
hippocampus  and  hoarding  behavior  of, 
303 

migrating  (homing),  61 1 
See  also  Owls;  Pigeons 
Birth  defects,  novel  neural  circuits  to 
alleviate,  107 

Blacks,  intelligence  scores  of,  359 
Blessed  Memory-lnformation-Concentration 
Test,  166, 178 
“Body-turns,”  614, 615 
Brain  imaging,  memory  systems  shown  in, 

580 

Brainstem,  superior  colliculus  and,  52-53,  68, 
70 

C'arnivores,  orientation-selective  neurons 
in,  103n 

CAT  (computer-assisted  tomography),  673 
Category  instance  production,  554,  570 
Cats 

conditioned  paw  withdrawal  in,  196 
eyeblink  conditioning  in,  162 
intermodal  compensation  in,  84,  88 
ISl  in  spinal  conditioning  of,  228 
locomotion  of,  199-201 
superior  colliculus  of,  52-70 
Causality,  265 

Central  nervous  system  (CNS) 
of  Aplysia  califomica,  128,  133,  146 
of  invertebrates,  128 
normal  development  of,  as  constructive 
and  destructive,  104 
perception-action  cycle  and,  318-319 
Cerebellum 

cooling  of,  and  irregular  arm  movements, 
186 
cortex  of 

fractured  somatotopic  projection  to,  174 
as  learning  site,  180 
in  eyeblink  conditioning,  126,  150, 152, 
158-163,213 
hypoplasia  of,  209 

perceptual  timing  testing  of,  187-192,  209 
some  classical  conditioning  localized  to, 
179-181 

temporal  computation  for  tasks  by, 

179-211 

in  classical  conditioning,  195-199 
efference  copy,  200-201 
experiments,  181-195 
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locomotion,  199-200 
possible  other  functions,  201-202 
timetable  of  development  in,  123-124 
two  main  functional  parts  of,  190 
in  visual  velocity  perception  test,  193-194, 
209 

Cerebral  peduncle  transection,  670 
Childhood  amnesia.  See  Amnesia — infantile 
Chimpanzees,  reward  testing  after  lesions  to 
frontal  cortex  of,  656« 

Cholinergic  system 

in  age-related  memory  disorders,  214 
in  Alzheimer’s  disease,  163 
effects  of  disruption  of,  219 
Climbing  fibers,  in  eyeblink  conditioning, 
159-163, 175-177 

Clock  model  for  cerebellar  timing,  183-185, 
189-192,  208,  210 

Clumsy  children,  cerebellar  timing  and,  179, 
181,  202-203,  208-209 
Cochlea,  thalamic  nucleus  for,  93 
Cognition,  components  of.  See  Memory 
systems  (memory  distinctions) 
Cognitive  development,  2, 18-25, 37 
frontal  EEC  and,  678,  680-691 
Cognitive  maps,  616 
Cognitive  neuropsychology,  573 
Cognitive  style,  differences  in,  624 
Coherence,  EEG,  679-680,  684,  689, 690 
Color 

memory  for,  315-316 
dorsolateral  prefrontal  cortex  and,  292, 
293,  326 

frontal  cortex  and,  293 
visual  system  processing  of,  92 
Compensation  for  sensory  deprivation,  71-91 
Computational  function  of  cerebellum, 
179-211 
Computations 

complex  tasks  as  decomposable  into,  202 
types  of,  181 

Computer-assisted  tomography  (CAT),  673 
Conceptually  driven  processing,  518,  549, 
554-555, 561, 576-578,  585 
Conceptual  memory,  487 
Concurrent  discrimination  learning 
as  memory  test  for  monkeys,  438,  441,  442, 
458 

amnesic  patients’  performance  on,  445, 
446, 480 

Conditioned  resfxjnses  (CRs) 
eyeblink  conditioning  pathways  of, 

158-162 
in  infants 

compared  to  older  humans,  124 
reactivation  paradigm,  523-524 


retention  of  response,  519-523 
simple  forgetting  paradigm,  523 
Conditioned  stimulus  (CS),  114 
in  eyeblink  conditioning,  118-119,  151, 
153-163, 164, 195-196,  213 
aged  humans,  215-218 
aged  rabbits,  215, 216 
paired  with  US,  116-117, 119-121, 151, 
153-158, 164, 195-199 
See  also  Interstimulus  interval  (ISI) 
Conditioning 
classical 

amnesia  and,  435 

applicable  to  more  complex  learning, 
214 

cerebellum  and  localization,  179-181 
cerebellum  and  timing,  195-199 
of  heart  rate,  179, 180, 198 
of  human  newborn,  113-117, 121-122 
predictive  models  for,  175-177 
temporal  relationships  during  life  span, 
212-238 

classical  eyelid.  See  Eyeblink  (eyelid) 
conditioning 

delay,  119-121,  126-127, 151, 157 
in  aged  rabbits,  215,  216,  232 
long  delays,  237-238 
when  no  different  than  trace 
conditioning,  233-234 
See  also  Delayed  reinforcement 
DR  and  AB  tasks  compared  to,  293-298 
environmental  factors  in,  235 
operant,  114,  517 

contingency  analysis  model,  241-251, 
264 

to  study  early  memory,  21-22 
in  testing  of  infants’  memory,  519 
temporal  order  information  needed  for, 
489 

trace,  119-121, 126-127, 151, 157-158 
in  aged  rabbits,  215, 216 
delayed  reinforcement  and,  254-255 
DR  and  AB  tasks  compared  to,  295-298 
hippocampal  involvement  in,  254,  255 
hippocampus  and,  164, 165,  213,  214 
intentional  disrupting  of,  266 
when  no  different  than  delay 
conditioning,  233-234 
Conscious  processes,  512, 518 
memory  systems  and,  518, 533, 585-586 
recall,  488^89 

Contiguity,  object  retrieval  and,  639-649 
Contingency  analysis  model,  212-214 
Cooling 

of  cerebellum,  and  irregular  arm 
movements,  186 
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in  DMS  for  color  task,  300,  301 
of  dorsolateral  prefrontal  cortex,  281, 320, 
321,326-327 

of  posterior  parietal  cortex,  322 
Coping 

as  aspect  of  classical  conditioning,  121 
frontal  areas  and,  695 
Corticosterone  receptors,  in  hippocampus, 
621-622, 623, 631,634 
Crawling,  belly  vs.  regular,  607-608 
Cross-modal  circuits,  sensory  processing  by 
experimentally  induced,  92-112 
Cross-modal  matching  (cross-modal 

mapping;  cross-modal  transfer), 
1-37, 38-50 

amodal  (supramodal)  properties  in,  38-39, 
44-45,  49 

asymmetries  in,  43-44 
auditory-visual,  8-10,  17 
generalizability  of,  32 
imitation  and,  1-6, 17-18,  33 
mechanisms  of,  45-46, 47-48 
AIM  hypothesis,  5-6,  17 
speech  perception,  9-10, 17-18 
tactile-visual  (tactual-visual),  6-8,  15,  17, 
39-42 

visual-motor,  17 
visual-tractual,  42^3, 48 
whether  declines  with  age,  36 
See  also  Multisensory  integration 
Cross-temporal  contingencies,  delay  tasks  in 
testing  of  mediation  by,  320-325 
CS.  See  Conditioned  stimulus 
Cued  recall,  518 
context  and,  531 
graphemic,  577, 587 
semantic,  576-578 

Cued  stem  completion  task,  554-555 
Cues,  changes  in,  MD’s  effect  on,  705-716 
Cue  specificity,  of  infants’  memory,  529-530 
CVCV  (consonant-vowel-consonant-vowel) 
disyllables,  9 


DaT.  See  Alzheimer’s  disease 
Data-driven  processing,  518,  549,  554-555, 
561, 576-578,  585 
Dead  reckoning,  614,  631-632 
Deafness,  congenital,  visual  system  in,  71-91, 
106 

Declarative  memory.  See  Memory 
systems — explicit  memory 
Deferred  imitation.  See  Imitation — deferred 
Delayed  alternation  task,  255 
Delayed  comparison  tests,  frontal  cortex  and, 
293 


Delayed  conditional  position  discrimination 
task,  255 

Delayed  imitation.  See  Imitation — deferred 
Delayed  matching  to  sample  (DMS) 
basic  procedure  of,  365-366 
for  color,  automated  apparatus,  DR  and 
AB  tasks  compared  to,  295-296, 
300-301 

cooling’s  effect  on  performance  in,  322 
dorsolateral  prefrontal  cortex  and, 
330-331, 335-336,  664 
as  measure  of  learning  and  memory, 
367-368 

as  more  difficult  than  DNMS,  381-382, 
385-388, 399n 
novelty  preference  and,  317 
origin  of,  365 

single-unit  recording  in  prefrontal  cortex 
during,  324,  325 

transformed  into  DNMS,  366-367 
types  of  stimuli  for,  332 
young  children  tested  on,  369-371 
See  also  Trial-unique  stimuli 
Delayed  non-matching  to  sample  (DMNS), 
288 

amnesic  patients’  performance  on, 
444-446,  451,  452 
behavioral  inhibition  in,  382-383 
comparing  monkeys  and  humans  on,  453 
DMS  transformed  into,  366-367 
dorsolateral  prefrontal  cortex  and,  331 
DR  and  AB  tasks  compared  to,  295-296, 
299 

factors  accounting  for  slow  learning  of, 
377-378 

hippocampus  and,  296,  299,  309,  398-399, 
664 

as  measure  of  learning  and  memory, 
367-369 

in  measuring  memory  in  nonhumans, 
438-442, 458,  461^65 
neuroanatomical  circuit  for  learning  of, 
469-473 

procedure  of,  397-398 
simple  procedure,  409-417,  426-428, 
432-433 

visual  paired  comparison  compared  to,  418 
pseudorandom  schedule  for,  399 
relatively  late  success  on,  in  terms  of 
development,  399-400,  402 
memory  requirements  not  the  reason, 
404-405 

possible  alternative  explanations, 
417-421 

types  of  stimuli  for,  332 

young  children  tested  on,  369-375, 

463-465 


SUBJECT  INDEX 


721 


Delayed  recall 
in  amnesia,  435, 439 
in  children,  494-495 
frontal  cortex  and,  293 
Delayed  reinforcement.  See 

Reinforcement — delayed 
Delayed  response  (DR),  239, 677-678 
AB  compared  to,  252-254 
in  amnesia,  442 
brief  history  of,  267 
direct,  321 

dorsolateral  prefrontal  cortex  in,  281,  287, 
290,  293,  321, 324 
indirect,  252,  321 
inhibitory  control  in,  268 
memory  development  shown  by,  274-277, 
280,  281, 287,  290,  293 
after  prefrontal  ablation,  326 
reaching  in,  659-665,  659-665 
sex  differences  in,  483 
testing  procedure  for,  268 
Delayed  retention  of  object  discrimination, 
as  memory  test  for  monkeys,  438, 
442,  458-461 

amnesic  patients’  performance  on,  445, 
446 

Delay  paradigm.  See  Conditioning — delay 
Delay  tasks,  experimental  reason  for,  320 
Dentate  gyrus 
in  amnesia,  441 
maturation  of 
in  humans,  401 
in  primates,  400-401 
in  rats,  396-397, 621, 631 
Dentate  nucleus  (of  cerebellum),  183, 198, 
200 

2-Deoxyglucose,  281 
Depression 

frontal  asymmetries  in,  700 
right  temporal  areas  in,  703 
Development 

of  emotion,  frontal  EEG  and,  691-695 
eyeblink  conditioning  in,  157-158 
hippocampal.  See  Hippocampus — rate  of 
maturation  of 

memory  changes  in,  18-23  shown  by  DR 
and  AB  tasks,  269-280 
shown  in  monkeys  by  DNMS,  369 
motor 

See  Motor  development 
of  multisensory  integration,  68-69 
object  retrieval  task  and 
human  infants,  649-654 
infant  monkeys,  654-655 
percolation  model  for,  620-621,  633,  636 
in  Piagetian  theory,  597-598,  599,  635 
representational  changes  in,  1-2,  20,  23-25 


See  also  Cognitive  development; 

Intermodal  development;  specific 
organs  and  systems;  Human  infants 
“Developmental  cognitive  sciences,”  1,  25 
Diencephalic  midline,  amnesia  and  damage 
to,  434, 452 

Diencephalon,  in  neuroanatomical  circuit  for 
learning  DNMS,  469 
Disappearing  objects 
electric  train  experiment,  263-264 
See  also  AB  (A-not-B)  tasks;  Delayed 

response  (DR);  Object  permanence 
Discrimination  conditioning  paradigm,  151 
delayed  reinforcement  and,  240-241 
Discrimination  reversal,  151, 165 
Discrimination  tasks,  visual,  345-346 
Dishabituation 

in  Aplysia  califomica,  133, 134, 137,  138, 
148-149 

in  newborn  infants,  115, 116 
various  meanings  of,  149 
Dissociation.  See  Functional  dissociation 
Distinctive  feature  theory,  12 
Dogs,  eyeblink  conditioning  in,  152 
Dopamine  depletion 
detour  reaching  and,  670 
object  retrieval  and,  649,  656, 659 
PKU  patients  and,  673 
Dorsal  accessory  olive,  161, 162 
Dorsal  nucleus.  See  Lateral  geniculate  body 
Dorsolateral  prefrontal  cortex 
cognitive  functions  of,  323-325 
cooling  of,  281, 320, 321 
in  delayed  alternation  task,  255 
in  DMS,  300,  317 

in  DR  and  AB  tasks,  255,  267,  281-293, 
316, 382, 664, 680-681, 690 
hippocampal  lesions  compared  to  lesions 
of,  254-255,  303,  309, 310 
illustration  of  lesion  of,  283 
maturation  of,  314,  315, 638-639 
in  multiple  boxes  task,  296 
object  retrieval  and,  649, 655-658,  681, 690 
relational  memory  and,  293 
spatial  memory  and,  291-292,  316 
spatial  separation  and,  259-260 
temporal  order  memory  and,  291 
See  also  Prefrontal  areas 
Down  syndrome,  178,  701 
DR.  See  Delayed  response 
Dyslexia,  567 
surface,  551 

Efference  copy,  cerebellum  and,  200-201 
Egocentric  reference  system,  597, 599-605, 
609,610-611,614 
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Elaboration  of  the  meaning  of  known 
information,  592 
Elderly  adults 
conditioning  in,  124, 125 
eyeblink  conditioning,  155, 162 
perceptual  timing  testing  of,  187-192 
in  visual  velocity  perception  test,  193-194 
See  also  Aging — in  humans 
Electrical  stimulation  of  dorsolateral 
prefrontal  cortex,  281 
Electroencephalogram  (EEC) 
asymmetry  in,  691-692 
of  frontal  areas 

cognitive  development  and,  678, 

680-691 

emotional  development  and,  691-695 
recording  and  interpretation  of,  679-680, 
703-704 

Electro-oculogram  (EOG),  76-77 
Emotion 

development  of,  frontal  EEG  and,  691-695 
facial  imitation  and,  34-35 
regulation  and  control  of,  695 
See  also  Affective  behavior 
Encephalitis,  deafness  secondary  to,  71, 89 
Encoding.  See  Information  processing 
Entorhinal  cortex,  397, 441—445, 628-629, 

655 

in  neuroanatomical  circuit  for  learning 
DNMS,  469 

EOG  (electro-oculogram),  76-77 
Episodic  memory.  See  Memory 

systems — episodic  memory 
Event-related  potential  (ERP),  73^5, 88-91 
Excitatory  post-synaptic  potentials  (EPSPs), 
139-141 

Expectancy  wave,  324 
Explicit  memory.  See  Memory 

systems — explicit  memory 
Exploration 

by  children,  and  attachment  to  mothers, 
630 

onset  of,  in  rats,  615, 619-620, 622 
Exuberant  projections.  111 
DNMS  and,  473 
in  sensory  deprivation,  72 
Eyeblink  (eyelid)  conditioning 
in  animals,  126, 150-157 
aging  animals,  155-157 
classical  paradigm  of,  151 
history  of  studies  of,  152 
in  humans,  151,  157-158 
Alzheimer’s  disease,  156,  166-169,218 
children,  117-118,  151,  154-155 
newborn  babies,  117-121, 124, 153 
in  studying  age-related  deficits,  213-218, 
223-226 


neurobiological  circuitry  for,  and  life  span, 
150-178 

of  rabbits.  See  Rabbits 
temporal  relationships  in,  195-199 
Eye  movements,  cerebellar  role  in  control  of, 
192,211 

Faces 

coding  system  for  emotion  in,  692 
early  imitation  of,  2-6, 16,  21,  33-35 
infant’s  recognition  of,  344 
happy  vs.  sad,  699-700 
man  vs.  woman,  345, 348,  487, 488, 
699-700 

photos  of  faces,  346,  348-349, 35 1 
study  context,  347 
preference  for,  313 
Faculty  psychology,  572 
Fagan  Test  of  Infant  Intelligence,  352-354, 
358-364 

Familiarization  stimulus,  395n 
Familiarization  time  (habituation  time) 
in  cross-modal  transfer,  bn.  39-43, 49 
in  DNMS,  401-^2 
simple  procedure,  413 
as  too  brief,  419-420 
in  visual  paired  comparison,  401-402 
Feedback,  efferent  copy,  201 
Ferrets 

experimentally  induced  cross-modal 
circuits  in,  93,  97 
map  shifts  in,  65 

Force  control  tasks,  timing  of,  182-183 
Forgetting,  by  infants 
context  and,  530-533 
delayed  recognition  and,  348-349 
of  memory  attributes,  524-529 
simple  forgetting  paradigm,  523 
Fornix,  628-629 

Free  association  to  category  names,  579, 584 
Free  recall,  576-578 

Frequency  information,  as  not  automatically 
accessible,  488-489 

Frogs,  in  transparent  barrier  study,  671 
Frontal  areas 

cytoarchitectonic  map  of,  321 
in  DMS  to  color,  296 
early  maturation  of,  685-686 
EEG  of 

cognitive  development  and,  678, 

680-691 

emotional  development  and,  691-695 
episodic  reflections  in  imaging  of,  580 
focusing  attention  as  a  function  of, 
637-638 

lack  of  inhibition  after  lesions  to,  656« 
long-distance  networking  of,  679 
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magnetic  reaction  from  lesions  of,  673 
in  multiple  boxes  test,  300 
natural  preferences  disrupted  by  lesions 
of,  313 

relational  information  and,  293, 312 
saccadic  intrusions  and  damage  to, 
672-673 

test  of  function  of,  292 
See  also  Dorsolateral  prefrontal  cortex; 
Inferior  prefrontal  cortex; 

Prefrontal  cortex;  Premotor  cortex; 
Supplementary  motor  area  (SMA); 
Prefrontal  areas 

Functional  dissociation,  574-579, 584, 585 
alternative  explanation  of,  584-585 
Functional  imcompatibility  between  memory 
systems,  582-583 
Functionalism,  572,  586 

Cjerbils,  632 
Gestaltkreis,  318 

Golgi  cells,  eyeblink  conditioning  and,  159 
Granule  cells,  396-397, 40(M01,  631 
Grapheme-to-phoneme  conversion,  551 
Graphic  collections,  511 

Habit.  See  Memory  systems — implicit 
memory 
Habituation 

in  Aplysia  califomica,  133-137,  147 
definition  of,  116, 133 
in  infants,  115, 116-117, 122 
delayed  reinforcement  and,  248, 251 
in  simple  procedure  for  DNIvIS,  431 
olfactory,  126 

time  for.  See  Familiarization  time 
(habituation  time) 
visual,  6n,  298 
Hamsters 

exp>erimentally  induced  cross-modal 
circuits  in,  93-112 
exuberant  connections  in,  72 
midbrain  lesions  in,  706 
Haptic  behavior,  318 

after  dorsolateral  prefrontal  cortex  injury, 
326 

parietal  cortex  and,  628 
Heart  rate  conditioning,  179, 180,  198 
Hemispheres 
affect  changes  and,  692 
in  cross-modal  transfer,  42 
in  depressive  patients  with  long-standing 
dysfunction,  703 

different  patterns  of  coherence  in,  679 
EEG  asymmetry  of,  692-694,  702-703 


Heterosynaptic  facilitation,  in  Aplysia 
califomica  learning,  13^141 
6-Hidroxydopamine,  281 
High-amplitude  sucking  paradigm,  345 
Hippocampus  (hippocampal  formation) 
in  age-related  memory  disorders,  165-169, 
177,  214, 232-233, 636 
as  allocortical  area,  626n 
in  amnesia,  441-445, 453, 457-458 
amygdala  compared  to,  478 
in  conditioning,  163, 254 
eyeblink  conditioning,  150, 163-169, 213 
trace  conditioning,  2%,  297 
corticosterone  receptors  in,  621-622,  623, 
631, 634 

in  DNMS,  296,  299, 309, 398-399, 470,  471 
in  DR  and  AB  tasks,  255,  282, 283,  309, 
660-661 

in  hoarding  behavior  of  birds,  303 
impaired  memory  and  damage  to,  333, 
379-380 

memory  system  mediated  by,  590 
memory  tests  and  damage  to,  579, 580 
in  neuroanatomical  circuit  for  learning 
DNMS,  469 

non-habit  memory  and,  20 
object  retrieval  by  monkey  with  lesion  in, 
655 

phylogenetic  scale  and  functions  of,  303 
in  radial  arm  maze  task,  296,  302-303 
rate  of  maturation  of,  593 
in  primates,  395,  396,  400-401,  629 
in  rats,  394-395, 396-397, 400-401,  621 
rat’s  place  cells  in,  611,  628^29 
spatial  information  and,  616, 617, 620 
spatial  orientation  and,  606 
timing  of  functions  by,  225-226,  235-236 
two  parts  of,  396n,  627 
in  visual  paired  comparison,  296,  298, 355, 
403-404, 432 
Human  infants 

abstraction  in,  41, 44, 347-348, 351-352, 
378 

in  DNMS,  418,  463-464 
auditory  and  visual  ERPS  in,  85 
babbling  and  cooing  by,  17-18 
classical  conditioning  of,  1 13-1 17, 
121-122,517 

contingency  analysis  model  of  operant 
learning  in,  241-242 
control  of  inhibition  in,  669 
cross-language  speech  perception  in, 
675-676 

cross-modal  transfer  in,  1-37, 38-50 
delayed  reinforcement  studies  of,  240-251, 
255 

emergence  of  stereopsis  in,  635-636 
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environment’s  effect  on  studies  of,  360-361 
memory,  530-533, 538-542 
eyeblink  conditioning  of,  117-121, 124, 153 
high-contrast  visual  acuity  of,  359 
inhibition  of  grasp  reflex  in,  638-642, 
644-645 

intelligence  in.  See  Intelligence — in  infants 
intentionality  in,  290 
ISI  in  contingency  learning  of,  239-266 
locomotor  development  in,  603-606 
memory  progression  in,  519 
shown  by  DR  and  AB,  269-276 
"memory  system”  of,  517-542 
associative  network,  529 
as  clusters  of  attributes,  519, 528,  529 
contextual  specificity,  530-533,  538-542 
cue  specificity,  529-530 
summary  of  conclusions,  519 
object  retrieval  by.  See  Object  retrieval 
recall  in,  19-22,  491,  495-501 
rehearsal  and,  265-266 
self-regulatory  behavior  of  newborn,  127 
sensory  systems  functional  at  birth  in,  69, 
70 

separation  distress  of,  678,  691-692,  695 
heart  rate  and,  701 
spatial  orientation  of,  behavioral 
approaches  to,  596-612 
temperament  of,  EEG  asymmetry  and, 
692-694 

tests  of,  tests  of  animals  compared  to,  367 
visual  recognition  memory  in,  337-364, 
463-465 

age  factors,  341-342,  402-403 
delayed  recognition  and  forgetting, 
348-349 

different  kinds  of  memory,  430-431 
interaction  of  factors,  343-345 
study  context,  347-348 
study  time  and  stimuli,  345-346 
See  also  Faces — infant’s  recognition  of 
whether  “higher  cognitive”  functioning 
possible  in,  1 

See  also  Development;  specific  tests 
Huntington’s  disease,  word  stem  completion 
in,  576 

Hypothalamus,  mammillary  nuclei  of,  452, 


Imitation 

deferred  (delayed),  12-13, 15,  19-23,  240, 
251,  253,  263-265 

recall  in  children  and,  490,  491,  495-499, 
505,515-516 

facial,  early,  2-6,  16,  21, 33-35 
of  finger  movements,  35, 36 
of  gestures,  36 


innate  basis  of,  4-6,  16,  20-21 
peer,  among  infants,  14-15 
psychological  problem  of,  1-2 
stability  of,  35 
unconscious,  492 
vocal,  in  early  infancy,  10-12, 16 
Implicit  memory.  See  Memoiy 

systems — implicit  memory 
Impossible  objects,  558-560 
Industrial  vision  machine,  487,  511 
Infantile  amnesia.  See  Amnesia — infantile 
Infants 

cat,  multisensory  integration  and,  68-69 
hamster 

experimentally  induced  cross-modal 
circuits  in,  93-112 
exuberant  connections  in,  72 
human.  See  Human  infants 
monkey 

dorsolateral  prefrontal  cortex  required 
in  DR  and  AB,  284-287,  680 
memory  progression  shown  by  DR  and 
AB,  277-280 

object  retrieval  by,  649, 654-655, 681 
separation  distress  in,  691 
tactual-visual  coordination  in,  8 
testosterone  and  visual  habit  formation, 
460 

work  with,  compared  to  work  with 
human  infants,  311 

rabbit,  eyeblink  conditioning  in,  153-154 
rat,  conditioning  of,  154 
Inferior  colliculus  (IC) 
connections  to,  in  neonate  hamsters,  73 
cross-modal  projections  to,  105,  106 
Inferior  olive  (inferior  olivary  nucleus) 
in  efferent  copy  feedback,  201 
in  eyeblink  conditioning,  159-161, 174-176 
Inferior  temporal  cortex 
in  neuroanatomical  circuit  for  learning 
DNMS,  469-473 

visual  paired  comparison  and  lesions  of, 
355, 403^04 
See  also  Temporal  lobe 
Infero-temporal  cortex,  lesions  of,  299n 
Information  processing 
data-driven  vs.  conceptually  driven,  518, 
549,  554-555 
in  DR  and  AB  tasks,  290 
effect  of  changes  in  environment  on, 
706-713 

ERP  analysis  of,  73 
influenced  by  parenting  problems,  360 
of  memory  representation  with  context, 
530 

speed  of 
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correlated  with  amount  of  information. 
359 

DNMS  and,  396, 419^20 
in  supeior  colliculus.  58-59 
See  also  Familiarization  time 
of  visual  and  somatosensory  systems, 
103-104 

in  visual  paired  comparison  by  infants, 
358-359 

Inhibition  (inhibitory  control) 
in  Aplysia  califomica 
sensitization,  137, 139-141 
lack  of,  in  frontal  patients,  638 
latent,  context  in,  237 
memory  conjoined  with,  316 
necessary  for  DR  and  AB  tasks,  268,  293 
as  primary  task  of  infants  and  young 
children,  669 
in  reaching 

neural  bases  of,  637-676 
for  novel  objects,  EEG  and,  681,  683, 
686 

in  various  behavioral  tasks,  296,  309 
Insects,  multisensory  integration  in,  51 
Intelligence 
adult 

infant’s  visual  recognition  correlated 
with,  352,  360-362 

maternal  intelligence  correlated  with, 
361-362 

infant 

expectations,  and,  362-363 
Fagan  Test  of  Infant  Intelligence, 
352-354, 358-364 
visual  novelty  and.  350-354 
visual  paired  comparison  and,  337-364 
whether  correlated  with  childhood  tests, 
34, 361-364 

as  liberation  of  of  computations  from 
original  tasks,  181 
rats  bred  for,  362 
tests  of 

in  amnesia,  435 

Fagan  Test  of  Infant  Intelligence 
correlated  with,  358-362 
Interference 

control  of,  by  prefrontal  cortex,  323, 327, 
331 

disruption  of  infant  memory  by,  348-349 
and  late  appearance  of  success  on  DNMS, 
420-421 

proactive.  See  memory 

distinctions — temporal  order 
memory 

Intermodal  development,  6-10 
competition  and  compensation  in,  71-91 
See  also  AIM 


Interpositus  nucleus,  in  eyeblink 

conditioning,  158,  159, 174, 176, 198 

Intersensory  matching.  See  Cross-modal 
matching 

Intersession  interval,  240 

Inter-stimulus  interval  (ISI),  1 14-1 15, 

118-119, 124-126, 151, 157-158, 
517,540 

in  Aplysia  califomica  habituation,  133-137, 
149 

context  and,  238 
optimal.  197-198,  222-223 
as  function  of  age,  212,  215-218, 
223-224, 227-228 
ITI  and,  238 

Intertrial  interval  (ITI),  238, 333-334 
definition  of,  240 

Invertebrate  model  systems,  128,  213 

ITI.  See  Intertrial  interval 

J ack-in-the-box,  in  DNMS,  417-421 


uver’s  method,  50 
Korsakoff  s  syndrome,  236-237, 444 

Labeled  lines,  92 

Landmarks,  597, 599-604,  609,  614-615,  635 
in  circular  water  maze,  617-618 
Language 

changes  in,  at  18  months,  24 
See  also  American  Sign  Language  (ASL); 
Speech 

Language-impaired  children,  affect  in,  702 
Lateral  geniculate  body  (LGd),  dorsal 
nucleus  of 

in  experimentally  induced  cross-modal 
circuit  study,  93-97 
transient  projections  of,  105 
Learning 

associative,  17, 118, 127 
Alzheimer’s  disease  and,  168 
eyeblink  conditioning  most  widely  used 
model  system  in  study  of,  213 
concurrent  discrimination 
amnesic  patients’  performance  on.  445, 
446 

as  memory  test  for  monkeys,  438, 441, 
442, 458 

in  delayed  reinforcement,  239-266 
DMS  and  DNMS  as  measures  of,  367 
instrumental,  253 

model  systems  approach  to,  212-213 
motor-skill,  monkey  memory  tests  for,  438 
nonassociative,  three  forms  of,  133-134 
objective  discrimination,  375-377, 380-381 
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amnesic  patients’  performance  on,  445, 
446 

as  memory  test  for  monkeys,  438, 442, 
458 

ontogenetic  analysis  of,  in  simple  system, 
128-144 

pattern  discrimination 
amnesic  patients’  performance  on,  446 
monkey  memory  tests  for,  438 
place  vs.  response,  616-617, 628-630 
serial,  486-487, 489 
skill-based,  in  amnesia,  435, 447 
See  also  Conditioning;  Habituation; 
Memory;  Memory 
Left  hemisphere.  See  Hemispheres 
Lesions.  See  specific  organ  or  function 
Lexical  decision  task,  544, 590-591 
LGd.  See  Lateral  geniculate  body 
Limbic  system 

impaired  memory  and  damage  to,  379-380 
loss  of  novelty  preference  and  damage  to, 
469, 471 

non-habit  memory  and,  20,  468 
See  also  Amygdala;  Hippocampus 
Linguistic  area.  See  Language 
Lip-reading,  8, 15-16 
Lists 

DMS  measuring  of  memory  as  function  of, 
368 

experiments  with,  543 
Locomotion 

AB  (A-not-B)  tasks  and,  313 
cerebellar  influence  on,  179, 199-200 
development  of,  in  infant,  603-606 
regular  vs.  belly  crawling,  607-608 
Logogon  model,  547-548,  562 
Long-term  memory.  See  Memory 

systems — long-term  memory 
Long-term  potentiation  (LTP),  622 

^^agnetic  evoked  responses  (MER),  73,  85 
Magnetoencephalography,  703 
Mammillary  nuclei  of  the  hypothalamus,  452, 
458 

Maximally  Discriminative  Facial  Action 
Coding  System  (MAX),  692 

Mazes 

circular  water,  617-619,  622-623 
place-vs.-response  learning  in,  616-617, 
628-630 
radial  arm 

DR  and  AB  tasks  compared  to,  295-296, 
302-303 

MD  lesions  and,  705,  713 
rat’s  strategy  in,  627-628 
T-,  617, 623,  630,  705 
X-,  629 


McGurk  effect,  33-34 
MD.  See  Mediodorsal  thalamic  nucleus 
Means-end  action  sequence,  408, 417 
Means-ends  behavior,  22,  265,  290 
Medial  diencephalon.  See  Diencephalon 
midline 

Medial  geniculate  nucleus  (MG),  in 

experimentally  induced  cross-modal 
circuit  study,  93-97, 102,  104, 106 
Mediodorsal  thalamic  nucleus  (MD) 
in  attention  to  changes  in  environmental 
cues,  705-716 

impaired  memory  and  damage  to,  379,  452, 
458 

Memory 
action  and 

deferred  imitation  and,  21-23 
in  neonates,  16 

in  1-  to  2-year-old  children,  12-15 
prefrontal  memory’s  role,  322,  327-328 
as  conditioning  prerequisite,  122 
consciousness  of.  See  Memory  systems  of 
context,  frontal  cortex  and,  292, 
327-328, 334 
contingency 
definition  of,  240 

delayed  reinforcement  and,  250-251 
tight  time  framework  for,  264 
cross-modal,  15 
definition  of,  457 
developmental  changes  in,  18-23 
in  DR  and  AB  tasks,  268 
characteristics  of  memory,  288-293 
developmental  progression  in  memory 
shown,  269-280 

explicit  memory  (declarative  memory; 
semantic  memory) 
monkey  memory  tests  for,  438 
in  various  behavioral  tasks,  296 
of  first  and  second  stimuli  together, 
386-387 

in  humans  compared  with  other  mammals, 
152 

immediate,  in  amnesia,  439 
impairment  of 

general  characteristics  of,  434-437 
See  also  Age-related  memory  disorders; 
Amnesia 

inhibition  conjoined  with,  316 
model  systems  approach  to,  212-213 
neuropsychology  of,  434-456 
perception  and,  572 

in  Piagetian  theory,  18-21,  406,  408,  490, 
505,511,515,  677 
for  position,  315-316 
relational,  292-293 
repetition  and,  594-595 
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systems  of.  See  Memory  systems 

by  infants,  for  how  long,  499-500  ! 

See  also  Learning;  Span  of  integration 

intentional  disruption  of,  266  j  .j 

Memory  prime,  523 

multiple  systems  hypothesized,  457-484,  j  ^ 

Memory  systems  (memory  distinctions) 

487, 514-515,517-519, 547-548, 

associative  memory,  251-255,  316, 574 

571, 573 

infants’  network,  529 

brain-imaging  studies,  580  ;; 

classification  schemes  for,  573-574 

functional  incompatibility  argument,  549  J 

definition  of,  573 

number  of,  585  ^ 

episodic  memory,  18, 19« 

perceptual  representation  systems  and,  ^ 

in  amnesia,  549, 579 

543-571, 584-585  j 

cognitive  processes  and  tests  for. 

processing  views  oppose  this,  544, 

577-578 

548-550  1  1 

as  consciousness,  585-586 

table  of  contrasting  names,  592 

as  explicit  memory,  583 

two  basic  postulates  for,  581  5,3 

hippocampal  lesions  and  disruption  of. 

recall  memory  ^ 

579 

in  amnesic  patients,  451-452, 454-455  t 

in  imaging  studies,  580 

by  children  of  what  happened  in  infancy,  'h 

in  Tulving’s  classification  573-574 

593-594  ^ 

explicit  memory  (declarative  memory; 

cued-recall  paradigm,  518  i 

semantic  memory),  18-21, 395n, 

of  event  sequences,  485, 490-491,  | 

487, 573-574 

493-499, 501, 508-509, 512-513  ^ 

in  amnesia,  435, 437, 446-447, 455-456, 

of  frequency  information,  488-489  |  5 

549-550 

how  early  in  life,  500-501  * 

in  DNMS,  369,  403 

in  infants,  19-22, 491, 495-501, 503-504  I  "4 

in  DR  and  AE  tasks,  290 

nonverbal,  19n,  485-516 

as  hippK)campally  mediated,  482 

of  novel  sequences,  13,  15,  17m,  18,  36,  y 

infants’  possible  use  of,  492 

37, 49(M91, 493-499, 507  H 

as  one  hypothesized  form  of  memory. 

of  preverbal  children,  485-516  ■ 

457-458 

See  also  Recall  B 

taxonomy  of,  437 

recognition  memory  H 

word  recognition  tests  to  assess,  545-546 

DNMS  as  test  of,  397, 461 

implicit  memory  (habit;  nondeclarative 

experiments  with  adults,  390 

memory;  procedural  memory). 

functional  dissociation  of  tests  for,  575, 

18-21, 253,  395,  395n,  487,  508, 

584 

573-574 

in  infants,  6m,  39-40 

in  Alzheimer’s  disease,  576 

after  semantic  vs.  nonsemantic 

in  amnesia,  435, 437, 446^47, 455-456, 

encoding,  546 

549-550 

in  simple  procedure  for  DNMS,  414-416 

in  DR  and  AB  tasks,  290 

stochastic  independence  of  tests  and. 

monkey  memory  tests  for,  438, 458 

581-582 

for  new  associations,  554-555 

tactual,  39, 42-43 

as  one  hypothesized  form  of  memory. 

undeveloped,  in  DMS  and  DNMS  tests. 

457-461 

378^39 

perceptual  representation  systems  and. 

in  various  behavioral  tasks,  298-302 

543-571 

visual,  neuroanatomical  circuit  for. 

in  priming  experiments,  543,  554-555 

469-473 

taxonomy  of,  437 

visual  paired  comparison  as  test  of. 

for  visual  objects,  structural  descriptions 

401^2 

and, 556-561 

short-term  memory 

in  visual  paired  comparison,  403 

of  action-related  information,  322, 

word  identification  task  to  assess. 

327-328 

545-547 

disrupted  by  cooling,  320 

“knowing  how”  vs.  “knowing  that,”  581, 

imitation  studies  and,  491 

589-590, 592 

prefrontal  cortex  damage  and,  326 

long-term  memory,  11-12, 14, 15 

spatial  memory.  See  Spatial  memory 

imitation  studies  and,  491 

specifying  criteria  for  postulating,  572-595 
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functional  dissociation  between  tests. 
575-579 

function  incompatibility  of  operation, 
582-583 

indeptendent  neural  pathways,  579-581 
stochastic  independence  between  tests, 
581-582 

temporal  order  memory 
anticipation  of,  485-489 
in  DR  and  AB  tasks,  290-291 
prefrontal  cortex  and,  291,  303 
recall  by  children  and  infants,  489-499 
recall  of  events  by  preverbal  children, 
485-516 

in  various  behavioral  tasks,  296,  298, 
301-304 

Memory  traces,  in  eyeblink  conditioning, 
158-159, 161, 165 

Mental  functions,  localization  of,  181 
MER  (magnetic  evoked  responses),  73, 85 
Metabolic  labelling,  of  dorsolateral 
prefrontal  cortex,  281 
Method  of  triangulation,  582 
Mice 

blind,  visual-somatosensory  connections 
in,  93,  106 
conditioning  of,  152 

Microelectrode  recording  of  single  units.  See 
Single-cell  recording 
Midbrain 

integration  of  velocity  for  position 
probably  in,  632 
See  also  Superior  colliculus 
Middle  cerebellar  peduncle,  162 
Mini-Mental  State  scores,  178 
Modality 

change  of,  in  testing,  and  effect  on 
priming,  546 

See  also  Cross-modal  circuits;  Cross-modal 
matching;  Intermodal  development; 
Submodalities 
Model  systems 

as  approach  to  aged-related  memory 
disorders,  213-214 
as  approach  to  learning  and  memory, 
212-213 

simple  invertebrate,  128,  213 
Monkeys 

adult,  in  DR  and  AB 
dorsolateral  prefrontal  cortex  required, 
281-286 

amnesia  model  in,  435,  437-448, 580 
battery  of  memory  tests  for,  438-441 
amnesic  patients  tested  on,  443-448 
cerebellum  and  arm  movements  in,  186 
cross-modal  transfer  in,  8,  48 


destruction  and  restoration  of  motor 
neurons  in,  634 

in  DMS  and  DNMS,  301,  333,  394, 

398-399,  429-430,  438-441,  461^65 
hipfKJcampus  of 

memory  system  and  damage  to,  580 
prefrontal  and  hippocampal  lesions 
compared,  254-255 
object  retrieval  by  adults  with  lesions, 
655-656 

prefrontal  cortex  functions  in,  326 
reflexive  grasping  and  SMA  in,  646 
spatial  information  lacking  for,  630 
Stroop  testing  proposed  for,  311-312 
types  of 

African  green,  655 

cynomolgus,  282,  285, 403n,  655,  660, 
670,  680 

pigtail  (pigtailed),  8, 354, 390,  403n 
rhesus,  277,  280,  282,  285,  321,  354,  355, 
367, 382,  400,  403n,  460,  463,  630, 
654-656,  660,  680 
squirrel,  367 

visual  discrimination  learning  in,  460-461 
visual  novelty  preference  in,  354-355,  466 
See  also  Infants — monkey 
Mossy  fibers 

in  cerebellar  timing  hypothesis,  186 
in  eyeblink  conditioning,  159-163, 175,  176 
Motor  cortex,  192 

connection  from  premotor  cortex  to,  330, 
334 

Motor  development 
cerebellum  and,  202-203 
DNMS  and,  395 

early  development  of  vision  and,  406-407 
See  also  Locomotion 
Motor  hierarchy,  318-319 
Motor  neurons 
multisensory  cells  as,  68 
restoration  of,  after  cutting,  in  monkeys, 
634 

serotonin’s  effect  on,  149 
Motor  responses 
in  amnesia,  435 

cerebellum  in  timing  of,  179,  181,  183-195, 
201 

prefrontal  cell  specialized  to,  324 
Motor  skill  learning  test 
of  amnesic  monkeys,  438 
amnesic  patients’  performance  on,  446 
MPTP,  649,  655-657 
Multimodal  factors.  See  Cross-modal 

matching;  Intermodal  development; 
Multisensory  integration 
Multiple  boxes,  DR  and  AB  tasks  compared 
to,  295-296,  301-302 
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Multiple  memory  systems.  See  Memory 
systems — multiple  systems 
hypothesized 

Multisensory  integration  (multisensory 
convergence) 
development  of,  68-69 
Piaget  on,  2 

by  superior  colliculus,  51-70 
See  also  Cross-modal  matching 
Music,  timing  of  beats  in,  198 

^j^eurofilamentous  degeneration  in  rabbits, 
214,  218,  219-221 

Neurons 

hormonal  effect  on,  622 
indef>endent  pathways  for,  as 

memory-system  criterion,  579-581 
invertebrate  vs.  vertebrate,  128 
motor.  See  Motor  neurons 
orientation-selective,  103-104,  112 
pyramidal,  in  classical  conditioning,  163 
transient  connections  between,  104-106 
Nictitating  membrane  (NM),  152, 160, 164, 
167, 180,  197, 198,  227 
NM.  See  Nictitating  membrane 
NMR  (nuclear  magnetic  resonance),  673 
Noncontingent  control  procedure,  241-242 
Noncontingent  stimulation,  242,  260-262 
Nondeclarative  memory.  See  Memory 
systems — implicit  memory 
Non-matching  to  sample,  infants  never 
tested  on,  405 

Nonsemantic  study  processing,  556-561 
Non-words.  See  Lexical  decision  task 
Novelty-external-reward  rule  (in  DNMS), 
377-378, 380 

Novelty  preference,  317.  See  also  Delayed 
non-matching  to  sample  (DNMS); 
Visual  novelty  preference;  Visual 
paired  comparison 

Nuclear  magnetic  resonance  (NMR),  673 
Nucleus  basalis  of  Meynert,  219 

Object  decision  task,  556-561 
Object  discrimination,  375-377,  380-381 
delayed  retention  of 

amnesic  patients’  performance  on,  445, 
446 

as  memory  test  for  monkeys,  438,  442, 
458-461 

Object  permanence  (uncovering  a  hidden 

object),  1, 22-24, 406^09, 417, 432, 
607,  674-675,  677 
SMA  and,  647-649 
in  young  infants,  500-501 
See  also  AB  (A-not-B)  tasks;  Delayed 
response  (DR) 


Object  permanence  error,  598,  604-605 
Object  retrieval,  639-659, 698-699 
dorsolateral  prefrontal  cortex  and,  649, 
655-658, 681, 690 
EEC  of,  682-683,  689-691 
by  infant  monkeys,  649 
by  infants  5-7'/2  months  of  age 
contiguous  object,  direct  line  of  reach, 
639-642 

contiguous  object,  indirect  line  of  reach, 
644-649 

object  just  behind  o[>ening  of  barrier, 
direct  line  of  reach,  642-644 
by  infants  7V2-12  months  of  age,  649-653, 
681 

Piagetian  theory  on,  639-642 
Object  reward  association,  amnesic  patients’ 
performance  on,  446,  447 
Occipital  brain  regions 
multimodality  in,  87-88 
object  retrieval  by  infant  monkey  with 
lesion  in,  655 
simple  reading  and,  551 
Ocular  dominance  columns,  72 
Olfactory  sense,  habituation  of,  126 
Ontogenetic  analysis  of  learning  in  simple 
system,  128-144 

Orbital  frontal  cortex,  inhibition  and,  673 
Orbital  prefrontal  cortex,  cognitive  functions 
of,  323, 331 
Orientation,  spatial 
dead  reckoning  and,  614, 631-632 
of  infants,  behavioral  approaches  to, 
596-612 

See  also  Spatial  cognition 
Orientation-selective  neurons,  103-104, 112 
Owls,  map  shifts  in,  65-66 


P aired  associates,  in  amnesia,  435, 590, 591 
Paired  comparison,  visual.  See  Visual  paired 
comparison 

Parahippocampal  cortex,  434,  442,  443,  445 
Parahippocampal  gyrus,  441,  444,  655 
Parethesias,  70 
Parietal  areas 
cooling  of,  322 

DR  and  AB  undisturbed  by  lesions  of,  282, 
283.  292 

in  EEC  asymmetry  test  of  infants,  693-694 
hippocampus  and,  626-627 
object  retrieval  and  lesions  of,  655-656 
semantic  memories  and  imaging  of,  580 
sensory  deprivation  and,  72 
spatial  memory  and,  291-292 
stereognosia  involvement  of,  628 
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Parkinson’s  disease,  659 
perceptual-timing  testing  of  patients  with. 
187-192 

Pattern  discrimination  learning  monkey 
memory  tests  for,  438 
amnesic  patients’  p>erformance  on,  446 
Peabody  Picture  Vocabulary  Test,  350,  358, 
359 

Peer-modeling  studies,  14-15 
Perception 

cross-language  speech,  675-676 
memory  and,  572 
timing  mechanism  for,  182, 183 
of  velocity,  visual,  192-195 
Perception-action  cycle,  1-2,  23 
definition  of,  328 

prefrontal  cortex  and  bridging  of  temptoral 
gaps  in,  318-336 
transparent  barrier  and,  673 
various  names  for,  318 
Perceptual  categorization,  486-487,  506,  512, 
515 

Perceptual  identification  test,  575, 584 
Perceptual  representation  system  (PRS), 
543-571, 584-585 
subsystems  of 

structural  description  system,  555-561, 
563 

word  form  system,  550-555,  563 
Percolation  effects,  620-621,  633, 636 
Periamygdaloid  cortex,  441 
Perirhinal  cortex,  398,  434, 441-443 
PET.  See  Positron  emission  tomography 
PGC  (Philadelphia  Geriatric  Center),  156, 
166 

Phenylketonuria  (PKU),  673 
Philadelphia  Geriatric  Center  (PGC),  156, 
166 

Picture  fragment  completion  paradigm,  557 
Pigeons,  cross-modal  transfer  in,  49-50 
PKU  (phenylketonuria),  673 
Place-vs.-response  learning,  616-617, 
628-630 
Planning 

frontal  lesions  and,  509-510 
See  also  Means-ends  behavior 
Plasticity 

eyeblink  conditioning  and,  162, 165, 
213-214 

long-term.  See  long-term  potentiation 
(LTP) 

PMS.  See  Perpetual  representation  system 
Pointing  at  objects  in  other  rooms,  608 
Pontine  nuclei,  162, 175 
Position  discrimination,  315 
Positron  emission  tomography  (PET),  73,  85, 
551,571,700 


Preferential  looking  task.  See  Visual  paired 
comparison 
Prefrontal  areas 

activation  and  firing  of  cells  in  during 
delay,  291,  324 

and  bridging  of  temporal  gaps  in 

perception-action  cycle,  318-336 
cognitive  functions  of,  322-324, 637 
cytoarchitectonic  map  of,  321 
EEG  and  differences  in  maturation  of,  694 
inhibition  of  dominant  response  by, 
637-638, 676 

memory  function  of,  326-328 
in  neuroanatomical  circuit  for  learning 
DNMS,  469, 470 

sequential  representation  and,  209 
tapping  tasks  and,  209 
See  also  Dorsolateral  prefrontal  cortex 
Premotor  cortex 

connection  to  motor  cortex  from,  330,  334 
object  retrieval  and  lesion  of,  656 
in  spatial  and  temporal  separation,  330 
Preparatory  motor  set,  322,  324,  328 
Preverbal  children  (prelinguistic  infants) 
“memory  system”  of,  517-542 
recall  of  events,  by,  485-516 
Primates 

early  hippocampal  maturation  in,  395,  396, 
40(M01 

exuberant  projections  in,  110,  111 
ontogenetic  development  of  habit  and 
memory  formation  in,  457-484 
See  also  Monkeys 
Priming 

in  amnesia,  435, 455 
definition  of,  435,  574 
implicit  memory  and,  543-571 
logogon  model  and,  547-548,  562 
nonverbal,  544,  556 
of  novel  stimuli,  590-592 
as  presemantic  phenomenon,  545-547 
repetition  (direct),  543 
of  semantic  associates,  570 
of  visual  objects,  556-561 
word,  435, 486,  543 
word  form  system  in,  552-554 
from  words  and  pictures,  dissociated,  585 
Proactive  interference 
in  DR  and  AB  tasks,  290,  333 
in  various  behavioral  tasks,  296,  298, 
301-304 

Procedural  memory.  See  Memory 
systems — implicit  memory 
Purkinje  cells 
in  aging,  162-163, 174 
in  cerebellar  timing  hypothesis,  186 
complex  motion  and,  193 
in  eyeblink  conditioning,  159-161 
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bbits 

aluminum-induced  neurofilamentous 

degeneration  in,  214, 218,  219-221 
eyeblink  conditioning  of,  126, 150-158, 
163-167 

nicitating  membrane  response,  152, 16C, 
164, 167, 180, 197, 198,  227 
in  studying  age-related  deficits,  213-216, 
225-226 

Rats 

aged,  synaptic  delay  in  225 
blind,  visual-somatosensory  connections 
in,  93, 106 

bred  for  intelligence,  362 
conditioning  of,  152, 154, 157 
delayed  reinforcement,  240 
early  handling/isolation  of,  622,  623,  631 
hippocampus  of 

late  maturation,  394-395, 396-397, 
40(M01, 621, 624 

memory  system  and  damage  to,  580 
life  cycle  of,  397« 

maze  experiments  with,  617-619,  622-623, 

627- 630 

place  and  head  direction  cells  in,  611, 

628- 629 

preference  for  novelty  in,  478 
radial  arm  maze  task  for,  302 
MD  lesions  and,  705,  713 
spatial  behavior  and  learning  in,  616 
superior  colliculus  of 
visual-tactile  novel  stimuli  and  lesions 
of,  707-708 

Reach 

awkward,  653,  655,  656 
by  infant,  while  looking  elsewhere,  662, 
663 

inhibitory  control  of,  neural  bases  of, 
637-676 

for  novel  objects,  EEG  and,  681,  683,  686 
visual  ability  and,  406-409 
Reaction  time,  slowed  by  aging,  225 
Reactivation,  240,  251,  263, 593 
Reading 

computations  involved  in,  181 
disorders  of 

word  form  system  and,  550-555 
letter-by-letter,  553-554 
Recall 

free,  576-578 

various  meanings  of  term,  486 
See  also  Cued  recall;  Delayed  recall; 

Memory  systems — recall  memory; 
Memory  systems — temporal  order 
memory 

Recognition  memory.  See  Memory 

systems — recognition  memory 


Red  nucleus  (of  cerebellum),  175 
Rehearsal,  265-266 
by  amnesia  patients,  435, 439, 451-452 
Reinforcement 
conjugate,  520 
contingent,  242,  244-248 
delayed,  239-266 
contingency  analysis  model  and, 

241-251 

contingency  memory  and,  250-251 
DR  and  AB  tasks  compared  to,  294-297 
trace  conditioning  and,  254-255 
Relational  systems,  spatial,  615-618, 635 
Reminder,  definition  of,  523-524 
Reminding.  See  Reactivation 
Representation 
in  behavioral  theory,  596, 597 
developmental  changes  in,  1-2,  20,  23-25 
empirical  vs.  hyprothetical,  2, 23-25 
of  mother  in  memory,  678, 691 
prerceptual,  implicit  memory  and,  543-571 
symbolic,  13-14 
DNMS  and,  396 

as  Piaget’s  name  for  second  memory 
system,  487 

stimulus  and  reward  in  simple 
procedure  for  DNMS,  417 
Retention 

of  CRs  in  infant,  520-523 
in  picture  vs.  word  studies,  584 
Retention  interval,  DMS  measuring  of 
memroy  as  function  of,  368 
Retention  ratio,  523,  537-538 
Retina 

experimentally  induced  cross-modal 
circuits  from,  93-112 
normal  sensory  processing  in,  92,  93, 95 
Reversal  tasks,  frontal  cortex  and,  293 
Right  hemisphere.  See  Hemispheres 
Robotics,  haptic,  318 
Role  taking,  24 
Route  knowledge,  615 
Routine  behavior 

of  family,  child’s  reproduction  of,  334-335 
prefrontal  cortex  not  required  for,  335 
Rule  learning,  DNMS  and,  337-378,  380, 
395, 418 

Saccadic  intrusions,  672-673 
Scoprolamine,  163, 166,  233 
Secondary  circular  reactions,  265 
Self-ordered  pointing  task,  292 
Semantic,  confusion  about  definition  of, 
569-570 

Semantic  encoding,  545-546, 560-561 
Semantic  memory.  See  Memory 

systems — explicit  memory 
Semantic  study  processing,  549, 551-552 
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Sensitization 

in  Aplvsia  califomica,  133-134, 137-141, 
146-149 

of  newborn  infants,  116-117,  122 
“Sensorimotor  period,”  20-21 
Sensorimotor  system  of  memory,  487, 590 
Sensory  deprivation,  compensatory  effect  of, 
71-91 

Sensory  hierarchy,  318-319 
Sensory  information,  prefrontal  cells  in 
temporary  retention  of,  324 
Sensory  maps.  See  Somatosensory  maps 
Sensory  processing 

by  experimentally  induced  cross-modal 
circuits,  91-112 
MD-lesioned  animals  and,  706 
normal  pathways  for,  92,  93, 95 
superior  colliculus  in,  706-709 
Separation  distress,  678,  691-692,  695 
Septo-hippocampal  cholinergic  system,  163, 
219 

Serial  discrimination  paradigm,  459 
Serial  invisible  displacement,  23-24 
Serotonin,  vertebrate  motor  neurons  and, 
149 

Set,  prefrontal  cortex  and,  322-324,  328 
Sex  differences 
in  DR  and  AB,  483 
in  human  maturation,  483 
in  rats  learning  mazes,  618-619,  630 
in  visual  discrimination  learning,  460-461, 
482^83 

Shock  stimulation,  in  conditioning  of  infants, 
116-117 

Short-term  memory.  See  Memory 

systems — short-term  memory 
Simultanizing  strategy,  259 
Single-cell  recording,  of  dorsolateral 

prefrontal  cortex,  281,  323,  325 
Somatosensory  maps,  53-55, 65-67, 103 
Somatosensory  system 
in  experimentally  induced  cross-modal 
circuit  study,  93-106 
normal  sensory  processing  by,  92,  93,  95 
visual  system  similar  to,  103-104,  106-107 
Spacial-temporal  integration,  41-42 
Span  of  integration 

for  delayed-reward  contingency  learning, 
241,  242,  249-250,  252-253 
dorsolateral  prefrontal  cortex  lesions  and, 
281,  288 

of  DR  and  AB  tasks,  compared  to  delayed 
reinforcement,  294-295 
hippocampus  compared  to  dorsolateral 
prefrontal  cortex,  303-304 
Spatial  cognition,  596,  606 
maturation  of,  619-624 


emergence  of  complex  functions, 
619-621 

impact  of  early  experience  and 
development,  621-624 
varieties  of,  613-636 

Spatial  discrimination,  MD-lesioned  animals 
and,  705 
Spatial  memory 
in  amnesia,  442 

dorsolateral  prefrontal  cortex  and,  302 
in  DR  and  AB  tasks,  291-292 
in  various  behavioral  tasks,  296,  298,  300, 
302 

Spatial  orientation.  See  Orientation,  spatial 
Spatial  separation,  premotor  cortex  and, 
259-260 

Spectral  power,  EEC,  680,  684,  686,  692-693 
Speech 

changes  in,  at  18  months,  24 
cross-language  perception  of,  675-676 
cross-modal  perception  of,  8-10,  17-18, 
33-34 

multimodal  representation  of,  15-16 
prefrontal  area  and,  320, 328 
vocal  imitation  of,  in  early  infancy,  10-12, 
16 

Speed  of  processing  (speed  of  encoding).  See 
Familiarization  time;  Information 
processing 

Spinal  cord,  superior  colliculus  and,  52-53, 
68,  70 

Stage  IV,  598,  604 
Stage  V,  335,515 

Startle  behavior,  after  shock  in  conditioning, 
117 

Stereopsis,  emergence  of,  in  infants,  635-636 
Stimulus.  See  Conditioned  stimulus  (CS); 
Interstimulus  interval  (ISI); 
Unconditioned  stimulus  (US) 
Stimulus  equivalence,  2, 47-48,  50 
Stochastic  independence  between  tests, 
581-582 

Stress 

early,  and  hipftocampal  function,  623 
separation,  678,  691-^92,  695 
heart  rate  and,  701 

Striate  cortex,  auditory  cells  in,  87-88 
Stroke,  affect  changes  and,  692 
Stroop  test,  311-312, 638 
Structural  description  system,  563 
and  implicit  memory  for  visual  objects, 
556-561 

visual  object  agnosia  and,  555-556 
Structuralism,  572,  586 
Submodalities,  92, 103 
Substantia  nigra,  670-671 
dopamine  levels  in,  656 
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Superior  colliculus 
detour  tasks  and,  670-671 
dorsolateral  prefrontal  cortex  and,  314 
in  experimentally  induced  cross-modal 
circuit  study,  93-95, 104 
inhibition  of,  672-673 
lesions  of,  in  tactile-visual  study,  706-708 
in  multisensory  integration,  51-70 
sensory  deprivation  and,  72 
Superior  temporal  cortex,  72 
Superior  temporal  sulcus  (STS),  sensory 
deprivation  and,  84-85 
Supplementary  motor  area  (supplementary 
motor  cortex;  SMA),  192,  335 
in  executing  sequence  of  actions,  646-649 
infant’s  grasp  reflex  and,  638 
reflexive  grasping  and,  646 
Surface  recording,  of  dorsolateral  prefrontal 
cortex,  281 

Surprise,  use  of,  in  brain-function  studies, 
706 

Swallowing,  210 

Symbolic  functioning  (representation).  See 
Representation — symbolic 
Symbolic  play  (pretend  play),  24 
Synaptic  density,  developmental  changes  in, 
314-315 
Synesthesia,  70 

Tactile-visual  coordination,  early,  6-8 
Tactile-visual  study  of  MD-lesioned  animals, 
705-716 

Tactual  processing,  42-43 
Tapping  experiments,  182-192,  202-203 
Television,  imitation  from,  14 
Temporal  lobe 
DNMS  and,  398 

in  higher  cognitive  behavior,  715-716 
impaired  memory  and  damage  to,  380 
amnesia,  434,  438,  441,  442 
right,  in  depressive  patients,  703 
See  also  Inferior  temporal  cortex 
Temporally  prospective  function.  See  Set 
Testing 

char  ge  in  modality  during,  546 
for  explicit  vs.  implicit  memory,  545-547 
formal,  deterioration  of  performance  in, 
418-419,511 

functional  dissociation  in,  574-579, 584, 
585 

intelligence.  See  Intelligence — tests  of 
interaction  potential  in,  429 
method  of  triangulation  in,  582 
repetition’s  effect  on,  594-595 
stochastic  independence  of,  581-582 
Testosterone,  visual  habit  formation  and, 
460, 483 


Thalamus 

in  expterimentally  induced  cross-modal 
circuit  study,  93-106, 1 10-1 12 
in  neuroanatomical  circuit  for  learning 
DNMS,  469 

normal  sensory  processing  by,  92, 93 
See  also  Mediodorsal  thalamic  nucleus 
Tliorndike’s  Law  of  Effect,  1 13 
Timing 

as  cerebellar  function,  179-211 
sequential  representation  distinguished 
from,  209-211 

Tones,  memory  for,  frontal  cortex  and,  293 
Topological  features.  See  Landmarks 
Touch.  See  Haptic  behavior 
Tower  of  Hanoi,  486,  509-510 
Tower  of  London,  509 
Trace  paradigm.  See  Conditioning — trace 
Transfer-appropriate  processing,  562, 570, 
584-586 

Transparent  barrier 
in  DR  and  AB,  661, 664 
memory  and,  673-674 
in  problem-solving  task  with  children  aged 
two,  669 

retrieval  of  object  behind,  642-644,  649, 
656,  670, 671 

transparent  floor  or  box  with  detour 
route,  656,  670 

Traumatic  injuries,  novel  neural  circuits  to 
alleviate,  107 

Trial-specific  information,  253,  255 
Trial-unique  stimuli,  299, 309, 315, 331-333, 
335-336, 367, 377,  387, 664 
and  children’s  difficulty  with  DMS, 
381-382 

basic  procedure  of,  366 

in  DNMS  test  for  monkeys,  438-440 

as  junk  objects,  398 

in  simple  procedure  for  DNMS,  410, 411 
Turing  machines,  511-512 

Unconditioned  response  (UR),  161-162, 
195, 196,  213 

Unconditioned  stimulus  (US),  114, 116-119, 

126. 195- 199 

in  eyeblink  conditioning,  151, 153-159, 

164. 174. 195- 196,  213 
in  aged  humans,  215-218 

eyeblink  conditioning  in  aged  rabbits,  215, 
216 

See  also  Interstimulus  interval  (ISI) 
Unconscious  processes,  518 
Uncovering  a  hidden  object.  See  Object 
permanence 

US.  See  Unconditioned  stimulus 
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^^elocity,  visual  perception  of,  192-195 
Ventral  tegmental  area  (VTA),  670 
Ventrobasal  nucleus  (VB) 
in  experimentally  induced  cross-modal 
circuit  study,  93-99, 102-106, 110 
normal  sensory  processing  in,  95 
Vermis,  190 

Vestibulo-ocular  reflex,  192 
Vestibulospinal  tract,  in  locomotion,  199 
Visual  agnosia,  structural  description  system 
and. 555-556 
Visual  cortex 
auditory  cells  in,  87-88 
eyeblink  conditioning  and,  152 
functional  categories  of  neurons  in, 
101-102 

transient  projections  of,  105 
Visual  evoked  potentials,  in  infants 

compared  to  older  humans,  125 
Visual  interest  test,  337-338 
Visual  maps,  53-55,  65-67,  103 
Visual  novelty  preference,  6n,  21,  22,  346, 
431 

age  of  appearance  of,  342 
in  DMS  with  trial-unique  stimuli,  664 
in  Fagan  Test  of  Infant  Intelligence,  364 
of  infants  and  infant  monkeys,  395n, 
465^69 

intelligence  and,  350-354 
as  reason  for  children’s  difficulty  in  DMS, 
385-386, 388,  391-392 
in  simple  procedure  for  DNMS,  409,  410, 
414, 415, 428 

Visual  paired  comparison,  6-8,  265 
amygdala  lesions  and,  296,  298, 355, 403, 
432,  477^78 

DNMS  procedure  compared  to  procedure 
for,  418 

DR  and  AB  tasks  compared  to,  295-296, 
298-299 

hippocampal  lesions  and,  403-404, 432, 
477-478 


infant  intelligence  and,  337-364 
description  of  test,  338-341 
infants’  and  infant  monkey’s  success  on, 
395, 466 

as  very  early  in  development,  402-403 
Visual  system 
color  processing  in,  92 
congenital  deafness  and,  71-91, 106 
cross-modal  transfer  and,  6-8, 15, 17, 
39^3, 48 

early  maturation  of,  406-407 
normal  sensory  processing  in,  92,  93, 95 
parietal  cortex  and,  292 
somatosensory  system  similar  to,  103-104, 
106-107 

See  also  Attention — ^visual 
Visual-tactile  study  of  MD-lesioned  animals, 
705-716 

Visual  tracking,  600, 604,  605, 612 
VTA  (ventral  tegmental  area),  670 


^Visconsin  Card  Sort  Test,  292,  314, 320, 
331,  662, 665, 675 

Wisconsin  General  Testing  Apparatus 

(WGTA),  277,  280,  374,  375,  377, 
381,440 

description  of,  369-370 
Word  completion  tests,  545-547, 551-552, 
554-555 

Word  form  system,  563 
reading  disorders  and,  550-554 
Word  fragment  completion,  578,  584 
Word  identification  tests,  543,  545-547, 
551-552, 581 

Word  priming,  435,  486,  543 
Words,  reading  of.  See  Reading 
Word  stem  completion,  576,  579 


Y^es/no  recognition  test,  545, 558 
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